Adsorption of all of eight strains of Streptococcus mutans to saliva-treated hydroxyapatite (S-HA) surfaces was inhibited by galactose and melibiose, but not by other neutral sugars tested. This observation supports the hypothesis that lectin-like components participate in the attachment of these streptococci to salivary glycoproteins on saliva-treated hydroxyapatite surfaces. Adsorption of all strains was also inhibited by iodoacetate and spermine; other amines tested reduced adsorption of some strains, but not others.
Adsorption of all of eight strains of Streptococcus mutans to saliva-treated hydroxyapatite (S-HA) surfaces was inhibited by galactose and melibiose, but not by other neutral sugars tested. This observation supports the hypothesis that lectin-like components participate in the attachment of these streptococci to salivary glycoproteins on saliva-treated hydroxyapatite surfaces. Adsorption of all strains was also inhibited by iodoacetate and spermine; other amines tested reduced adsorption of some strains, but not others.
Organisms of the Streptococcus mutans group are associated with the etiology of dental caries in experimental animals and in humans (8) . Consequently, the mode by which these streptococci attach to and colonize the dentition has received considerable attention. Teeth are covered by a membranous film, termed the acquired pellicle, which consists primarily of salivary macromolecules which have become selectively adsorbed to the hydroxyapatite (HA) mineral of enamel, though bacterial polymers may also be present (4, 16) . Therefore, the attachment of bacteria to teeth is thought to entail interactions between surface components of the organism and salivary glycoproteins comprising the enamel pellicle. The purpose of the present investigation was to determine whether certain sugar constituents of salivary glycoproteins could inhibit the attachment of S. mutans strains to saliva-treated HA (S-HA) surfaces thought to mimic teeth. In addition, the effect of various amines previously found to inhibit the binding of salivary mucins to S. mutans cells (7) (3) ; the small quantity of sucrose in this medium fosters the development of glucosyltransferase and small quantities of glucan on the surface of these organisms (17) . The cells were suspended in 0.05 M KC1 containing 1 mM phosphate (pH 6.0) and 1 mM CaCl2 (buffered KCl) and stored at -20°C before use. Their ability to adsorb to S-HA spheroidal beads was determined as previously described (1) . Samples of whole, unstimulated saliva from a single donor (blood type AB) were collected in containers chilled in ice. The saliva was heated at 60°C for 30 min to inactivate degradative enzymes and then clarified by centrifugation at 12,000 x g for 10 min before use for pretreating the HA beads. Reaction mixtures (1.0 ml) contained 5 x 107 streptococci and 30 mg of S-HA. Compounds to be tested were dissolved in buffered KCl, and the pH was adjusted to 6.0, if necessary, before use; they were incorporated into reaction mixtures at a final concentration of 0.1 M. The mixtures were incubated at room temperature with constant rotation for 1 h to achieve equilibrium (1) . All tests were performed in duplicate, and most strains were examined at least twice.
The number of cells of several strains which adsorbed to S-HA was found to be somewhat higher in the presence of a variety of hexoses as compared with buffer controls (Table 1) . Because this could be due to osmotic effects, assays were also performed in the presence of 0.1 M xylose because this sugar has not been reported to be present in salivary glycoproteins or in S. mutans cells; therefore, any effect that it might have on bacterial adsorption is likely to be due to its physical presence rather than to a specific haptene-type interaction. Accordingly, the data in Table 1 Table 2 . Only iodoacetate markedly promoted desorption of MT3 cells; other sugars and amines tested had little or no effect.
The effect of pretreatment with galactose and certain amines was also determined. The S-HA beads or S. mutans MT3 cells were incubated with 0.1 M solutions of the test compounds in buffered KC1 for 1 h at room temperature. The beads were then washed three times by settling, whereas the bacteria were washed three times by centrifugation before assay. Pretreatment of MT3 cells with spermine, galactosamine, and mannosamine strongly reduced their subsequent attachment to S-HA; pretreatment with galactose also caused some inhibition (Table 3 ). In contrast, only galactosamine pretreatment ofthe S-HA beads reduced subsequent bacterial adsorption compared with buffer controls (Table  3 ).
The present study has shown that the attachment of strains of S. mutans to S-HA surfaces thought to mimic teeth can be specifically inhibited by certain neutral sugars and by amines. All strains, which included representatives of six of the seven serotypes of S. mutans, were inhibited by galactose, melibiose, and spermine. Other amines studied inhibited attachment of some strains but not others. Because of the limited number of strains tested, it is not possible to determine whether these differences are strain or serotype specific. by lactose (4-fi-D-galactosyl-D-glucose) suggests that the streptococci are binding via a lectin-like component(s) to exposed a galactoside residues of salivary glycoproteins in the pellicle. This is consistent with the report of Levine et al. (10) that pretreatment of mucins with a-galactosidase abolished their ability to agglutinate S. mutans cells. The observation that galactose pretreatment of S. mutans MT3 cells tended to reduce their adsorption to S-HA surfaces also supports this possibility. The comparatively weak pretreatment effect noted may reflect a lower affinity of the binding component(s) involved to free galactose than to its natural galactoside-containing receptor; this has been observed with a variety of lectins (15) . That the galactoside-containing receptors reside in the salivary pellicle rather than in constituents on the surface of S. mutans cells is further supported by the report that castor bean lectins with a specificity for a-and 8B-galactosides only agglutinate cells of S. mutans strains of serotypes a, d, and g, and not those of serotypes b, c, e, and f (9). This suggests that cells of the latter serotypes do not contain appreciable quantities of exposed galactosides, yet their adsorption to S-HA was inhibited to an extent comparable to strains of other serotypes by galactose and melibiose (Table 1) .
S. mutans cells may contain glucosyltransferase and a glucan-binding protein on their surface which have a high affinity for both a 1:6 and a 1:3 linked glucans (14, 17) . Low-molecularweight dextran, which binds to these components on S. mutans cells (17) but is too small to induce their agglutination (5), did not inhibit adsorption of any strain to S-HA (Table 1) . This suggests that cell-associated dextran, glucosyltransferase, and glucan-binding protein do not play a significant role in the attachment of the organism to S-HA; this is consistent with previous reports (2, 3) .
We previously observed that S. mutans and other oral bacteria selectively bind blood groupreactive salivary mucins (7) . Such molecules comprise part of the acquired pellicle which forms on human teeth (16) , and it has been suggested that they may serve as some of the receptors involved in bacterial attachment (7) . Binding of blood group-reactive mucins and adsorption to S-HA surfaces by S. mutans cells exhibit both similarities and differences. Thus, certain amines and iodoacetate inhibited both mucin binding (7) and adsorption to S-HA. However, mucin binding was moderately inhibited by glucosamine but not by galactose (7), whereas adsorption to S-HA was inhibited by galactose but not by glucosamine. Several factors may account for these differences. They could reflect the interaction of S. mutans cells with several different types of macromolecules in the salivary pellicle rather than the interaction solely with mucin. In addition, mucin binding was studied by using material derived from the saliva of an individual of blood type B (7), whereas the saliva used in the present experiments was from a donor of blood type AB. Also, the S. mutans strain used for mucin binding was not included in the present study.
Two general hypotheses have been advanced concerning the mechanisms by which S. mutans cells attach to S-HA surfaces. Rolla and coworkers (11) (12) (13) have suggested that attachment occurs primarily by electrostatic attractions in which negatively charged components, particularly lipoteichoic acids, on the streptococcal sur- Staat and co-workers (18) recently reported that lectins derived from Persea americana with a specificity for basic proteins could inhibit the attachment of S. mutans cells to glass or S-HA surfaces; they therefore suggested that basic proteins on the surface of the organism were involved in adherence. The inhibition of S. mutans adsorption by spermine and certain other amines noted in the present investigation also suggests the involvement of basic components in attachment to S-HA. However, the observations that pretreatment of S. mutans cells, but not of S-HA, with spermine and certain hexosamines strongly inhibited adsorption suggest that the organism may be interacting with amine-containing compounds present on S-HA. This inhibition could be due to the amines complexing with acidic moieties on the streptococcal surface, thereby altering its electrostatic properties. The variations noted in the effectiveness of different amines could be due to differences in their degree of charge. However, the specificity noted among certain closely related amines tends to argue against this possibility as being the sole basis of amine inhibition. For example, though galactosamine and mannosamine reduced adsorption of most strains, glucosamine was without effect.
